Purpose: Our goal is to pictorially review a wide spectrum of congenital and acquired conditions affecting the medial aspect of the temporal lobe. Conclusion: After completing this article, the reader will have knowledge of the imaging appearance of diverse developmental, malformative, and acquired lesions of the mesial temporal lobe, which will be useful when evaluating pathology in this location. R esum e Objectif : Notre objectif consiste a examiner un large eventail d'images d'affections cong enitales et acquises touchant la face interne du lobe temporal. Conclusion : Au terme de cet article, le lecteur sera en mesure de mieux connaître les aspects d'imagerie propres aux l esions d eveloppementales, malformatives et acquises du lobe temporal m esial et d'en tirer parti lorsqu'il evaluera les affections touchant cette r egion.
The mesial temporal lobe is a small potentially epileptogenic part of the brain involved in memory processes. Accordingly, it is important to know the anatomy and pathology affecting that reduced area. Our goal is to pictorially review a wide spectrum of congenital and acquired conditions affecting the medial aspect of the temporal lobe.
Radiological Anatomy of the Mesial Temporal Lobe
The mesial temporal lobe includes various small structures located in the medial portion of the temporal lobe ( Figure 1 ). It is necessary to know its anatomic relationships to understand the different diseases affecting this brain area.
Congenital Conditions

Developmental Cysts
Cysts arising directly from mesial temporal structures are the choroid fissure cyst and hippocampal sulcus remnant cyst [1, 2] . However, cysts arising from other locations, such as middle cranial fossa epidermoid cyst, may also compress the mesial temporal lobe ( Figure 2 ) [3] . Choroid fissure cysts are benign intracranial lesions located at the choroid fissure. These lesions are usually neuroepithelial cysts or arachnoid cysts. Thus, the diagnosis is based on location instead of a distinct pathological condition. They are usually asymptomatic and discovered incidentally. Rarely, those cysts can cause seizures or may have significant mass effect. On imaging, they are usually cerebrospinal fluid (CSF) isointense oval or rounded lesions arising in the choroid fissure and measuring between 5 mm and 3 cm ( Figure 3 ) [2] .
The hippocampal fissure is a fetal sulcus vestige that is normally obliterated, except for its most medial part (the superficial hippocampal sulcus). Hippocampal sulcus remnant cysts are residual cavities due to lack of hippocampal fissure obliteration. These incidental finding are located laterally between the Ammon's horn and the dentate gyrus. On a magnetic resonance image (MRI), they can be seen as cysts over the inferior and lateral margin of the hippocampus following CSF signal on all sequences ( Figure 4 ) [1] .
Focal Cortical Dysplasia
Focal cortical dysplasia (FCD) consists of a group of neocortical cytoarchitectural malformations related with medically intractable epilepsy. According to the latest International League Against Epilepsy (ILAE) classification, FCD type I represents abnormal cortical lamination, and FCD type II is dyslamination with dysmorphic neurons without balloon cells (IIa) or with balloon cells (IIb). If there is FCD and another pathology it is classified as IIIa (concomitant hippocampal sclerosis), IIIb (FCD þ tumour), IIIc (FCD þ vascular malformation), or IIId (FCD þ acquired lesion like trauma, ischemia, encephalitis). MRI findings include signal changes with blurring of the gray/ white matter interface ( Figure 5B ) [4] . 
Hippocampal Malrotation
Hippocampal malrotation, also known as incomplete hippocampal inversion, is a developmental abnormality in which the hippocampus fails to fold, assuming a vertical orientation. The condition can be asymptomatic, or related with seizures and/or cognitive deficiency. There is an association with brain malformations such as callosal agenesis and rhombencephalosynapsis. MRI findings include a rounded or vertical hippocampus and a vertical collateral sulcus ( Figure 6 ) [5] .
Sulcal and Gyral Pattern Abnormalities
Clinically, an abnormal development and neuronal organization of the temporal lobe can present as a seizurerelated disorder and/or developmental delay [6] . Several abnormalities of the mesial and basal temporal lobes have been described including a deep transverse temporal sulci, overly sulcated mesial temporal lobes, globular amygdala, hippocampal dysplasia, deficient dentate gyrus, oversulcation extending to calcar avis, polymicrogyria, and heterotopia. Most frequently, those malformations have been associated with the spectrum of fibroblast growth factor receptor 3 gene defects (syndromic craniosynostoses, hypo-or achondroplasia, and thanatophoric dwarfism). However, other changes can be present, including abnormal depth of the temporo-occipital and collateral sulci. The latter, if associated with corpus callosum thickening, suggests an abnormal organization of the connectivity (which can represent abnormal number of axons or aberrant connections). In all cases, T2-weighted thin-section coronal images optimally show the full spectrum of pathology and sulcal anatomy distortion ( 
Neurofibromatosis Type 1 Hippocampal Signal Changes
In pediatric patients with neurofibromatosis type 1, the hippocampus can demonstrate uni-or bilateral diffusely increased signal on T2 and FLAIR images, often with enlargement ( Figure 11 ). This finding does not show progression and can persist throughout childhood and adolescence. The differential diagnosis for neurofibromatosis type 1 related hippocampal T2 changes include hippocampal sclerosis (in which case the hippocampal volume is decreased), neoplastic infiltration, and limbic encephalitis [8] .
Acquired Lesions
Hippocampal Sclerosis
Hippocampal sclerosis or mesial temporal sclerosis (MTS) is the most frequent diagnosis in patients with long-standing refractory mesial temporal lobe epilepsy. Neuropathologic findings consist of different grades of neuronal loss and gliosis in Ammon's horn [4] . When there is concomitant focal cortical dysplasia the term ''dual pathology'' is used. Classical MRI findings include volume loss and T2 FLAIR signal changes in the hippocampal formation. When longstanding, atrophy in other structures, such as ipsilateral mammillary body, fornix, temporal lobe, and neocortical and subcortical brain regions, can be present ( Figures 5, 12-15 ). After status epilepticus, MRI findings reflecting vasogenic and cytotoxic edema have been reported Coronal T2-weighted image shows bilateral hippocampal volume loss with high signal intensity (arrows). There is hippocampal head flattening. The right hippocampus is more atrophic than the left.
( Figure 14) ; in those cases, both imaging follow-up and clinical correlation is suggested to confirm diagnosis.
Neurodegeneration
Alzheimer's disease (AD) [9] and frontotemporal lobar degeneration (FTLD) both affect the temporal lobe. AD causes parietal and temporal cortical atrophy with disproportionate hippocampal volume loss ( Figure 16 ) [10] . FTLD is characterized by different patterns of cortical atrophy depending on the subtype. Semantic dementia shows predominant involvement of the temporal lobe. Frontotemporal dementia demonstrates right sided atrophy. Progressive nonfluent aphasia frontotemporal atrophy is lateralized to the left [11] . In some FTLD cases there is concomitant volume loss of mesial temporal structures ( Figure 17 ).
Tumours
Dysembryoplastic neuroepithelial tumour (DNET) and ganglioglioma are mixed glial-neuronal tumours that can affect any brain region. However, they are frequently located in the mesial temporal lobe causing epilepsy in children and young patients [12, 13] . Additionally, other intra-axial (eg, glioma) and extra-axial (eg, meningioma) tumours may cause seizures duo to infiltration or compression of mesial temporal lobe structures (Figures 18 and 19) .
Commonly, DNET is associated with foci of cortical dysplasia. On imaging, this tumour has a bubbly cystic-like appearance (''soap bubble'' aspect) ( Figure 20 ) with minimal or no mass effect and without surrounding edema. It may be wedge shaped and pointing towards the ventricle. Sometimes, a slow growth pattern causing bone remodelling can be observed [14] .
On imaging, ganglioglioma presents as a cystic mass, with an enhancing mural nodule in approximately 40% of patients. In some cases, this tumour may look like a solid mass expanding the overlying gyrus, with low to intermediate signal intensity on T1-weighted images and high signal intensity on T2-weighted images (Figure 21) . Rarely, it can appear as an infiltrating and poorly delineated mass [13] .
Vascular Lesions
Transient global amnesia (TGA) is a sudden onset syndrome presenting as anterograde and partial retrograde memory loss lasting for less than 24 hours. Usually occurring in elderly people, its etiology is unclear. However, different causes have been proposed such as ischemia, migraine and epilepsy. Sometimes when TGA has an ischemic etiology, MRI can show T2-hyperintense punctate foci in the hippocampus with water restriction on diffusion-weighted images (Figure 22) [15] .
Other vascular conditions such as infarction, aneurysm, arteriovenous malformation and cavernous malformation can also affect the mesial temporal lobe with characteristic imaging findings (Figures 23-25 ).
Inflammatory and Infectious Lesions
Autoimmune limbic encephalitis (LE) is a neurological syndrome characterized by a subacute onset of temporal lobe seizures, short-term memory loss, confusion and psychiatric symptoms. Paraneoplastic LE is related to malignant tumours, especially carcinomas. Nonparaneoplastic autoimmune LE is caused by antiglutamate receptor antibodies. MRI show altered signal intensity and enlargement of mesial temporal structures lasting for months or years ( Figure 26 ). However, in most cases T2-hyperintensity is persistent and progressive mesial temporal atrophy develops [16] .
Herpes simplex encephalitis (HSE) [17] is the most common infection affecting the mesial temporal lobe. However, other bacterial, parasitic and fungal infections can also involve this brain region (Figures 27-29 ). HSE is most frequently caused by herpes simplex virus type 1 (90%) affecting patients at any age, although the highest incidence is observed in adolescents and young adults. Clinical signs are nonspecific, including headache, fever, seizures, and altered level of consciousness. T2 and T2 FLAIR images show bilateral and sometimes asymmetric hyperintensity of the mesial temporal lobe, insular cortex, inferolateral frontal lobe, and cingulate gyrus ( Figure 30) . Additionally, there can be restricted diffusion in these areas. Post-contrast images may demonstrate mild, patchy and gyriform enhancement usually appearing 1 week after symptoms onset. Hemorrhagic complication has been described, best depicted by gradient echo and susceptibility weighted images [18] .
Miscellaneous
A number of miscellaneous conditions can also affect the mesial temporal lobe following a specific pattern (ie, kernicterus with globus pallidus, subthalamic nuclei, and hippocampal involvement), or as a scattered abnormalities with incidental involvement of the mesial temporal lobe (ie, traumatic, hemorrhagic, and siderotic lesions) (Figures 31 and 32) .
Conclusion
Neuroimaging plays an important role in the diagnosis of congenital and acquired conditions of the mesial temporal lobe. It can rule out surgically correctable causes of epilepsy or diagnose congenital malformations related with neurodevelopmental delay. Understanding the characteristic MRI features, in combination with clinical history, can aid in making the differential diagnosis between congenital, neurodegenerative, vascular, inflammatory, infectious and neoplastic lesions affecting this anatomic location. Additionally, there is bilateral high signal in globus pallidus (short arrows) and subthalamic nuclei (not shown).
